A new site-specific endonudease, Sf i I, has been isolated from Streptomyces fimbriatus. This is the first report of a type II restriction endonudease whose recognition specificity requires eight nucleotides. Sfi I cleaves the sequence, GGCCNNKN/NGGCC, symmetrically to produce a three base, 3' extension.
INTRODUCTION
The type II restriction endonucleases have become indispensable tools for molecular biology and genetic engineering.
There are 91 different specificities among the known 398 restriction endonucleases(l). All require either a tetra-, penta-or hexanucleotide sequence to cleave DNA. Here we describe a new type II restriction endonudease, Sfi I, whose recognition specificity requires eight nucleotides. The purification of Sfi I and determination of its recognition sequence and cleavage site are described.
MATERIALS AND METHODS
All restriction endonucleases, enzymes and DNA substrates were prepared in this laboratory. The plasmid containing the Human IG Mu and J genes (2) 32 was a gift of P. Leder. Alpha-P-deoxyadenosine triphosphate was purchased from NEN.
Searches for restriction sites within known sequenced DNA's and prediction of fragment sizes were determined by the use of a computer.
Purification oi_ Sfi_ 1^_ Streptomyces fimbriatus ATCC 15051 was grown at 30°C
in liquid media to stationary phase. The cells were harvested and stored at -70 C. Fifty eight grams of cell paste were suspended in S buffer (10 mM potassium phosphate pH 7.4, 10 mM 2-mercaptoethanol, 0.1 mM EDTA) and broken by twenty 30 second treatments with the 1/2 inch probe on a Heat Systems sonicator cell disruptor 225R. The cell debris was removed by centrifugation at 10,000 g for 20 minutes at 4°C. The supernatant, crude extract, was applied to a 2.5 x 30 cm DEAE-sepharose 6B column equilibrated with S buffer.
After loading, the column was washed with 35 ml of S buffer. A linear gradient from 0 to 0.5 M NaCl was formed in S buffer and applied to the column. Ten ml. fractions were collected. The restriction endonuclease activity corresponding to Sfi I did not absorb to the column. This activity was pooled and the NaCl concentration was brought up to 0.15 M. The pH of the pool was adjusted to pH 7.3 and the pool was applied to a 2.5 x 20 cm phosphocellulose column equilibrated in S buffer containing 0.15 M NaCl. The column was then washed with 2 column volumes of S buffer containing 0.15 M NaCl. A NaCl gradient (800ml) from 0.15H to 1.5 M NaCl was developed and applied to the column. Sfi I eluted at about 0.5 M NaCl. The Sfi I activity was pooled away from a contaminating exonuclease activity. The pool was applied to a 1.5 x 10 cm hydroxyapatite column, which had been equilibrated with S buffer containing 0.15 M NaCl. 
RESULTS
The purification procedure presented in the methods section resulted in an enzyme preparation with an increased specific activity for Sfi I of greater Figure 1 . Ligation and recleavage of Sfi I generated fragments. 10 ug of Adeno-2 DNA were digested in 200 ul with 50 units of Sfi. I for 2 hours. The DNA was then phenol extracted and alcohol precipitated. The DNA was redissolved and a sample was removed (lane 1). The remaining DNA was incubated with T4 DNA ligase and a sample was removed (lane 2). The DNA which remained was incubated with Sfi I (lane 3). The three samples were electrophoresed on a 0.4% agarose gel.
than 500 fold and a final yield of thirty percent.
The increased specific activity was calculated by determining the relative amount of protein and Sfi 1 activity present in the crude extract and in the purified Sfi I preparation.
The relative amounts of protein were estimated by silver staining samples electrophoresed on SDS polyacrylamide gels. In addition to the three chromatographic steps employed in the purification, aliquots of Sfi I were chromatographed on a FPLC Mono S column (Pharmacia), and a heparin sepharose column.
In all five chromatographic steps employed no other DNA banding patterns were detected except that consistent with the single activity of Sfi I.
Therefore Sfi I appears to be the only type II restriction endonuclease present in extracts of Streptomyces fimbriatus. The final preparation of Sfi I was assayed for contaminating non-specific endonucleases and exonucleases.
The Sfi I preparation was considered free of non-specific endonucleases, because incubation of forty units of enzyme for 16 hours with Adeno-2 DNA resulted in the same banding pattern as one unit of enzyme incubated for one hour. The Sfi I was also considered to be free of 3' and 5' exonucleases, because incubation of 10 units of enzyme for 16 hours released less than 0.4% acid soluble radioactivity from "Tl E^ coli DNA; and ligated Sfi I generated DNA fragments could be recleaved by Sfi I (Figure 1 ).
Optimal Conditions for Sfi I_ Activity. Sfi I has an absolute requirement for Mg , a feature common to all type II restriction endonucleases (6) . Maximum
Sfi I cleavage was obtained at 50 C. The activity is 10-fold lower at 37 C.
Optimal NaCl concentration is 50 mM. is one member of the set) were determined by computer and correlated with the observed results ( Table  2 ). As shown in Table 2 there are three PuGCCNNNNNGCCPy sites in lambda DNA, however lambda DNA is not cleaved by Sfi I. This excludes PuGCCNNNNNGGCPy as the recognition sequence. Furthermore any other sequences in Table 2 , except GGCCNNNNNGGCC are shown not to be cleaved by Sfi I. The results indicate the recognition sequence of Sfi I is GGCCNNNNNGGCC.
Determination of the Site of Cleavage. The site of cleavage of Sfi I was determined by performing a primed synthesis reaction (15) (16) (17) . An M13
single-stranded DNA template containing an Sfi I site was prepared as Table 2 . Frequency of Following elongation, the polymerase was inactivated by heat treatment and the extended chains were cleaved by Sfi I. To one half of the sample, an additional amount of DNA polymerase plus all four deoxynucleotides was added.
To the other half, no addition was made. After further incubation, these samples were subjected to electrophoresis on a DNA sequencing gel alongside the product of a set of dideoxy sequencing reactions (18) Schinzel (19) .
The ability to cleave DNA at specific sequences is the fundamental technology responsible for the rapid development of genetic engineering.
Tetranucleotide specific restriction endonucleases cleave DNA frequently, that is, with a probability of one cleavage for every 256 nucleotides. The tetranucleotide specificities are useful for manipulating small DNA fragments.
The ability of the hexanucleotide specific restriction endonucleases to cleave DNA less frequently (one in 4096) is useful for manipulating larger fragments. KB to 500 KB range and the ability to physically separate these fragments , it is expected that cloning systems capable of handling these large fragments will be developed.
